DESIGN AND FABRICATION OF A 
SKIN STRINGER DISCRETE TUBE 
ACTIVELY COOLED STRUCTURAL PANEL' 
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SKIN STRINGER DISCRETE TUBE 


P 

ta 

z 

< 

ffu 


I— I 
< 
Pi 
p 
H 
P 
P 
Pi 
H 
c/5 


Q 

3 

O 

O 

P 


>< 

P 

w 

> 

H 

P 

< 


3 

ftp 

£ 


05 .2? 




05 \£J 05 

ftO =3 


VW W-t 

q i 

S .S ro 

4-^ f 1 


O -a -g 

u, > 3 

C5 at 59 


254 



SKIN STRINGER DISCRETE TUBE 
ACTIVELY COOLED STRUCTURAL PANEL 
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REDUNDANT COUNTERFLOW COOLANT CIRCUITS ARE USED 
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DESIGN REQUIREMENTS 
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REDUNDANT COOLANT CIRCUITS 



MANY PARAMETERS INFLUENCE PANEL OPTIMIZATION 
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MANY PARAMETERS INFLUENCE PANEL OPTIMIZATION 
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REPETITION OF DESIGN PROCESS RELATES SKIN TEMPERATURE AND PANEL MASS 
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COOLANT CIRCUIT CONCEPTS 
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COUNTERFLOW OF COOLANT MINIMIZES 
AXIAL TEMPERATURE DIFFERENCES 
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COUNTERFLOW OF COOLANT MINIMIZES 
AXIAL TEMPERATURE DIFFERENCES 
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MAXIMUM PANEL TEMPERATURE INCREASES 
WITH PASSAGE SPACING 
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MAXIMUM PANEL TEMPERATURE INCREASES 
WITH PASSAGE SPACING 
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PASSAGE SPACING 



OPTIMUM PASSAGE WIDTH INCREASES 
WITH PASSAGE SPACING 
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COOLANT TEMPERATURE HAS A GREATER 
INFLUENCE ON PRESSURE DROP THAN 
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PASSAGE SPACING 

Figure 10 



WEIGHT OF RESIDUAL COOLANT PLUS APS 
POWER IS INSENSITIVE TO PASSAGE SPACING 
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WEIGHT OF RESIDUAL COOLANT PLUS APS 
POWER IS INSENSITIVE TO PASSAGE SPACING 

UNIT WEIGHT OF 
COOLING ELEMENTS 

lb/ft 2 kg/m 2 
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TEMPERATURE AND STRESS TRENDS 
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TEMPERATURE AND STRESS TRENDS 

TEMPERATURE 
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MINIMUM WEIGHT IS INFLUENCED BY 
PRACTICAL CONSIDERATIONS 
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TEMPERATURE AT MID LENGTH 


S 

3 

t>a 


<u 

xi 

4-» 

D 

bD 

G 

1/3 

C/3 

G 

CX 

+-> 

G 

cd 

3 

o 

o 

CD 

X 


(D 

X 

T3 

<D 


CX 

CD 

X3 


(D 

bfl 

cd 


cd 

CX 

4 -* 

c 

jd 

O 

o 

o 


G 

-3 

c 

CD 

cx 

Eh 

(D 

a 

c 

.2 

%-» 

g 

x 

X 


T3 

<D 

Eh 

G 

4-» 

cd 

Eh 

a) 

Oh 

s 

D 


a> 

> 

c 

cd 


4> 

4= 

p 


1 

3 

G 

CD 

"2 

CD 

c 

£ 

<D 

4-J 

X 

(D 

4-J 

X) 

4-J 

CD 

< 

O 


G 


CD 

g 

* ^H 

Eh 

,<d 

X 

C/3 

^-C 

M-H 

X 

3 

<D 

CD 

-0 

Eh 

cd 

G 

CD 

4— > 

X 

cd 

Eh 

Eh 

CD 

D 

cx 

a 

G 

G 

• i-H 

CD 


4-» 

CD 

CD 

b0 

X 

4— » 


Eh 

O 

cd 

4-J 


4—* 

CD 

G 

x 

<D 

H 

0 


cd 



✓*" S 

-a 

cd 

Uh 

0 

CO 

un 

• i-H 



3 JyJ 

2 °^> 
<0 OO 
D. 

G 


ID 


3 

O 

■s 


g 

cd 


X 

O 

H 

O 


0 

CO 

CD 

<D 

W) 

X 

4-» 

cd 

C/3 

<+H 

C/3 

0 

cd 

D 

Eh 

CX 

4 — > 

G 

G 

4-» 

cd 

cd 


Eh 

O 

<D 

O 

CX 

0 

£ 

G 

<D 

<D 

4 -* 

D 

X 

£ 

4-J 

3 

D 

X 

X 

CD 

C/3 

X 

'’■* 

4— > 

4— • 


■ i-H 

<D 

G 

G 

cd 

cd 

X 

CX 

4 — > 

<D 

Eh 

<D 

£ 

_o 

X 

4— > 

G 

• —H 

C/3 

G 

• «-H 

.2 

D 

4-J 

Eh 

G 

3 

O 

4-J 

cd 

O 

Eh 


CD 

X 

CX 

4-* 

G 


G 

CD 

4-J 

.G 

<D 


CD 


3 

’co 

<D 

GO 

4—> 

G 

G 

CO 

C/3 

X 

G 

<D 

CX 

X 

CD 

4— » 

X 

G 

4-J 

<H-H 

0 

O 

Eh 

CO 

C^ 

4-» 

c 

G 

.2 

jd 

" 4 -j 


Eh 

3 

O 

0 

CX 

0 


CD 

X 

-o 

CD 

> 

4—* 

Eh 

O 

4-> 

G 

O 

T3 

CD 

a> 

X 

Eh 

4-J 

Eh 

CD 

O 

<4-H 

4-J 

GO 

c 

G 


G 

Eh 

c 

4-> 

X 

GO 

CO 

4-4 

T3 

G 

CD 

D 

T3 

X 

G 

D 

X 

<D 

X 

4-J 

CD 

<4-H 

X 

O 

4-J 

4—* 

X 

C/3 

bD 

O 

G 

G 

O 

Eh 

Eh 

D 

X 


4-J 

X 

T3 

£ 

<D 

4-J 

4-» 

O 

G 

G 

X 

X 

4-» 

G 

GO 

O 

CD 

O 

4-4 

G 

CO 

0 

• *H 


4-j 

T3 

G 

C 

D 

• — H 

X 

GO 

Chh 

3 

0 

£ 

4-> 

G 

CD 

G 

bD 

O 

G 

r 3 

CO 

G 

CO 

G 

G 

a 

4-J 

G 

4-J 

G 

G 

O 

G 

>■ 1 

X 

O 

O 

O 

• *-H 

G 

bD 

• hH 


CO 

CD 

G 

X 

4 -* 

CD 

G 

bD 

G 

CO 

G 

CO 

X 

G 

a 

3 

4-4 

X 

G 

4-4 

G 

G 

3 

cd 

3 

O 

O 

0 

CD 

0 

X 

<D 

4-4 

X 

4-J 

C+-H 

O 


280 



TEMPERATURE AT MID LENGTH 
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LATERAL DISTANCE 

Figure 14 


STRESS DISTRIBUTION AT MID LENGTH 
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STRESS DISTRIBUTION AT MID LENGTH 
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Figure 15 




PANEL FATIGUE CHARACTERISTICS 
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PANEL FATIGUE CHARACTERISTICS 
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Figure 16 



PANEL STABILITY CHARACTERISTICS 
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figure 18 
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Figure 22 
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COOLED SKIN - BOTTOM VIEW 
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TEST PANEL - BOTTOM VIEW 
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END FRAME AND STRINGER DETAILS 
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APPLICATION OF SILVER FILLED EPOXY 
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Figure 29 


HOLOGRAMS OF PANEL SUBASSEMBLY, NO OUTER SKIN 
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HOLOGRAMS OF PANEL SUBASSEMBLY, NO OUTER SKIN 
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Figure 30 




INFRARED SCAN RESULTS AFTER REWORK 
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Figure 31 
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